Abstract. This paper deals with the economic aspects of the smart grid technologies where the main topic focuses on whether smart grids shall be perceived and dealt with as a part of a controlled or, on the contrary, liberalized market. The conclusion is based on an analysis of four economic aspects which are the business opportunities i.e. number of producers of smart meters, distributors of the energy, externalities and customers. The arguments for and against the individual solutions are given for each of these aspects which leads to the conclusion that the ideal model would be a liberalized market with the aspects of a controlled market to ensure the security of customers' data as well as the security of supply.
Introduction
Technology has been evolving since the industry was born including such innovations as the rotary converter (1893), nuclear generation (1956), solid state relays, SCADA etc., all of which arguably helped shape the industry as we know it today. Smart grid is a new phase in this technology evolution.
Today, the market is changing again. The importance of integrating smart technologies grows as carbon control and environmental policies and standards come increasingly into play. Consequently many of the concepts are again being evaluated, but this time distributed generation is becoming synonymous with renewable energy technologies such as solar and small wind. Like the previous scenario the belief that these technologies will meet the cost requirements is ensuring that renewable DG technologies are poised for substantial growth as smart grid technologies and innovations in energy storage take hold.
Smart grid is a new technology that is currently being applied in developed countries, e.g. US, EU, Japan [1] . Smart grid development in various countries differs in many interesting ways. Right now a majority of smart grid technologies are used only on a regional level with specific goals and requirements, such as security of electricity supply, minimal impact on an environment, macro-economic growth etc. [2] The term smart grid represents the integration of digital technologies, sensors, and ICTs to empower and make the management on the use of electricity more reliable and efficient. Smart grid includes technologies for the consumer (with which consumers interact) and the grid (transmission and distribution that are less visible to consumers). The smart grid technologies also include hardware and software [3] [4] . One of the definitions of the term smart grid is the integration of various technologies, products and services, from the generation, transmission, and distribution; using advanced communication and control technologies [5] .
One of the essential components of smart grids are smart meters which can keep customers better informed about their energy consumption in real time via different types of communication. An integral part of smart grids is the involvement of the local production of energy sources, close to points of consumption. Local sources of power production energy are mainly smaller units of combined heat and power energy and various types of renewable energy sources. It is these local production resources that allows creating controlled island operation which is an area with a balanced power energy consumption and production.
The purpose of island operations is the ability to supply integrated areas in the event of a power distribution network failure. That leads to improved safety and it is important in terms of future development of the electricity industry.
Business Opportunities
Progress in the ICT sector will greatly affect the development of smart grids and resulting business opportunities. In a smart grid, a significant increase in information collection, data storage and exchange is expected. Business potential and innovation is therefore strongly affected by (the efficiency of) this information management [6] .
A smart grid presents opportunities for utilities and consumers to benefit from management of energy and advanced equipment and devices. It offers significant opportunities to manage the nation's fuel resources by potentially reducing the national need for additional generation sources, better integrating renewable and non-renewable generation sources into the grid's operations, reducing outages and cascading problems, and enabling consumers to better manage their energy consumption.
Smart grids are developing very dynamically and the amount of literature is growing fast. It shows trends towards increased utilization of flexibility services, with the purpose of reducing investment costs [7] . Smart grids provide opportunities for efficient implementation of flexibility services. Implementing flexibility services is an opportunity, but also a challenge for grid operators [8] .
Flexibility is the capability of a power system to maintain reliable supply by modifying production or consumption in the face of rapid and large imbalances, such as unpredictable fluctuations in demand or in variable generation. The term flexibility is used here to include power system electricity generation, transport, storage, trading and end-use consumption. Smart grids can optimise the operation of a range of flexibility mechanisms in three contexts: the power market, system operation and the use of grid hardware. Resources that contribute to flexibility include dispatchable power plants, demand-side management and response, energy storage facilities and interconnection with adjacent markets [9] .
Importantly, several authors stress that one-size-does-not-fit-all with respect to grid management. For example, EDSO (2012) and Eurelectric (2013a) state that in the European context, the implementation of a model for procuring flexibility services should contain sufficient flexibility for DSOs (Distribution system operators) to develop the most appropriate solution [8] .
Controlled Vs. Liberalized Model
In a liberalized model, i.e. the model including the competition, there are potentially many vendors (technology providers) and buyers (suppliers, DSO or third parties) and the reciprocal pressure will provide services at an affordable price. Liberalized model is used e.g. in Germany and the United Kingdom where some or all of the measurement services are open to competition and the installation of smart meters is left to the initiative of brokers.
Another advantage is that competition leaves the decision to install a smart meter to the customer. They are not obliged to have a smart meter installed. Market actors will probably also perform market segmentation for roll-out of smart meters, i.e. given fixed costs of a smart meter selecting first the category of network users with flexibility potential against lowest marginal costs, followed by a category of network users with flexibility potential at somewhat higher marginal costs, etc. Hence they may be able to make the same flexibility potential available against lower costs.
Controlled model (applied in most EU countries) includes metering services within the regulated DSO tasks. The regulator sets the rules by which smart meters can or must be installed together with the methodology to remunerate the party that incurred costs. Usually the costs are socialized through network charges. However, there are also a number of reasons that would support public intervention:
From the economical point of view it is efficient to achieve economies of scale in the long term. This will reduce costs and roll-out allows interoperability with other DSO or network operator.
Without regulatory intervention there is a high risk that the roll-out of smart meters depends on the perspective taken by the market actor or network operator; the market operator may ignore the wider system benefits of the utilization of smart meters, while the network operator may ignore the potential commercial benefits in the absence of adequate regulation. Such a partial investment evaluation may induce too low investments in smart meters.
In case of critical or emergency conditions load shedding might be required. In such an emergency situation, being a threat to the security of supply, the DSO would need the possibility to respond at the level of end-users by remotely disconnecting (parts) of the load, i.e. (partly) shutting-down customers.
Due to all these above mentioned aspects it is needless to state that it in the field of technology, or more specifically smart meters, to have more providers from which consumers can choose would be a wise decision with many advantages the biggest being the low price and service quality related to the competition of providers.
DSO
According to the most common definition, a public good is a good that an individual cannot be effectively excluded from use and one individual does not reduce availability to others. Therefore, to a large extent, system management is a public good. As such it is reasonable to assume it should be a part of a controlled market. This is connected to the security of supply and the security of customers' data which would be better taken care of in case the state was responsible for it.
Other public goods' network management provides a clear example of natural monopolies. Natural monopolies are characterized by the fact that services are cheaper if the market is served by one or more firms rather than large numbers of competing firms. They are also characterized by high economies of scale related to market demand. Economies of scale have an origin from high fixed costs, which are independent of the output level. "The network is an obvious case where duplication raises the total cost of supplying market and hence meets the modern definition of natural monopoly. If demand fluctuates, and the product or service cannot be stored, then capacity will need to be sized to peak demand, or demand rationed. Locational advantage suggests that one firm will obtain at least a local monopoly, and different firms may enter to exploit different locations. Finally, the combination of necessity and direct connection implies large market power and the risk of market power abuse by the firm, so that regulation and/or public ownership is politically inevitable." [10] [11]. It is necessary to have a supervision by the network operators to maintain the network balance. It is, therefore, clear, that managing several small networks by separate DSOs requires much interaction and coordination with neighbouring networks, and therefore duplication, which make it more expensive than managing one larger network by one DSO.
On the other hand, with the advancement of intermittent production of electricity such as wind or solar energy where the production varies according to climatic conditions, there is an increasing need for flexibility in the value chain of supply system to maintain competitiveness and security of supply. Energy markets are characterized by greater variability in prices due to frequent surplus of electricity which increases the need for flexibility to reduce the gap between supply and demand imbalances. However, thanks to the rapid development of ICT the scope for innovation as well as flexibility is increasing. If, therefore, it is a system of management, the competition rather than regulation may be considered more beneficial to accelerate the development and utilization of the potential flexibility.
Externalities
Another view to analyzing whether to regulate the energy market including smart grids is the possible existence of externalities. An externality is a secondary result of activities outside the market which can be positive or negative. If there are negative externalities it is necessary for the state to restrict them. As an example we can state the regulation in the form of payment of environmental taxes or buying emission allowances in the production of harmful substances to the environment. Production of energy has been the cause of considerable environmental degradation and resource depletion, a cost that must be borne by future generations.
Smart grids bring positive externalities such as construction of energy efficient homes and electric vehicles and also negative externalities in the form of potential breaches of privacy and safety of consumers. From the perspective of the existence of externalities we cannot clearly lean towards one type (regulated, market-based) model. On the contrary, the market of smart grids should include both market and regulated aspects.
Costumer Orientation
The next view to finding an optimal state of the market state is "customer orientation". Market participants must compete for customers, provide better service than the regulated entities. Revenues for the market participants are dependent on the revenue and margin of the products, while the benefits of network providers often depends on the derived demand and regulated network tariffs. Consumers are thus becoming active participants in the energy market as it will become easier to compare monthly bills which apply tariffs to different electric retailers for their actual usage. Greater transparency in the market will allow consumers to easily search for the best retail prices and services. From this perspective, it is preferable to have unregulated market and to encourage competition.
Incentives and Investment for Innovation in SG
Smart grid technologies are also attracting investor interest, but proper regulation and collaboration in standardization and best practices are vital to successful deployment. In the case of investment in smart grid they are mostly covered by network operators and the benefits are spread among many parties including customers and all citizens if the environmental benefits are taken into account. It is also necessary to carefully plan the regulation to support smart grid-roll-outs.
As the text above implies smart grid market should be commercialized in certain aspects to increase incentives to invest in innovation. For regulated natural monopolies there is insufficient incentive for competition. Telecommunications can be given as an example of innovation through dramatic increase after the liberalization of the market due to the investments, which also brought an increase in profits. However, it should be understood that the potential for investment depends on the possible development which in some technologies can be restricted.
Investments in intelligent networks are complicated due to the uncertainty of who should pay for the upgrade (e.g. consumers, utilities) and how and when these costs will be compensated. Ambiguity of covering the cost may manifest itself in reduction of incentives to invest in smart technologies electricity. Creating a strong business case also requires gathering information from various entities which can be difficult, while today there are very few models for the time value of energy prices.
Regardless of regulatory structure, investments in smart grids must make economic sense. There is considerable evidence that the benefits of smart grid technologies consistently outweigh the costs. For example, a meta-analysis of 30 business cases for smart meter projects in 12 countries representing four continents found that on average the net present value of project benefits exceeded the net present value of costs by nearly two to one [12] . A U.S. study found that potential investments in sustainable technologies, including smart grid and renewables, have a net present value of USD 20 billion to USD 25 billion based solely on benefits to utilities [13] .
Global annual investments in electricity grids amounted to $218 billion in 2014 and are growing by 4 % a year. Smart grid technologies currently represent 20 % of these investments ($44 billion), or $16 billion if the scope is restricted to digital energy technologies. Smart grid investments are expected to grow by 5 % a year until 2020, led by digital energy (9 % a year), due in particular to rapid smart-meter roll-out: 100 million units were installed in 2014, and the penetration rate globally is set to increase from 22 % to 40 % in 2020 [14] .
Conclusion
Thanks to the introduction of smart grids and modern communication and measuring equipment, an economic issue arises of whether this market should be regulated, or on the contrary, liberalized with regards to removing barriers for competition. The answer is not a clear one. The implementation process needs to be divided into sub-components and each should be assessed individually with regards to the efficiency of regulation or liberalization.
We must not forget the economic characteristics within the meaning of public goods, externalities, innovation, and customer orientation. In the case of public goods, for system management competitive environment is more suitable, while network management the existence of a regulator is more efficient. Smart grid bring both types of externalities -positive and negative -so it is not possible to prefer one side to the other. Rather, it would be appropriate to make a compromise -a competitive environment with the elements of regulation. Regarding innovation, to increase profits and added value for the customer it is certainly better to have a model with competition. As well as from the perspective of customer orientation a liberalized model should be selected.
If, however, we put aside the economic aspects, we can conclude that for the implementation of smart meters the existence of multiple vendors would be suitable, but network providers and companies for data processing should be regulated and should form a natural monopoly to ensure stability of supply and security of information.
